Background Because of the high density of fat, high-fat diets are perceived as likely to lead to increased bodyweight, hence health-care providers are reluctant to recommend them to overweight or obese individuals. We assessed the long-term effects of ad libitum, high-fat, high-vegetable-fat Mediterranean diets on bodyweight and waist circumference in older people at risk of cardiovascular disease, most of whom were overweight or obese.
Introduction
Obesity is a key risk factor for morbidity and mortality from cardiovascular disease and for the development of type 2 diabetes, some cancers, and musculoskeletal disorders. 1 The standard recommendation for the pre vention and treatment of obesity is restricting dietary energy intake and increasing physical activity. Because of the high energy of fat, the belief persists that increased dietary fat intake will lead to weight gain, whereas reduced fat intake will promote weight loss. 2 Thus, nutritional advice to obese individuals has often emphasised the avoidance of all types of dietary fat and their replacement with carbohydrate or protein. 3 By sharp contrast with this view, results from two clinical trials testing lowfat diets for the prevention of cardiovascular disease in postmenopausal women 4 and patients with diabetes 5 did not show any benefit of reduced fat intake with respect to prevention of cardiovascular disease outcomes. Moreover, these studies provided only marginal evidence of weight loss over time compared with control diets. The results of a metaanalysis 6 of trials comparing lowfat versus high fat dietary interventions favoured highfat diets for weight loss, albeit only in the context of calorie restriction. Some scientific societies, 7 but not the American Diabetes Association, 8 still recommend lowfat diets to promote overall health and the loss of excess bodyweight. However, longterm adherence to energyrestricted diets low in fat and high in complex carbohydrates to achieve weight loss is generally poor 9 and weight regain usually ensues 6-12 months after commencing such diets. 5 In the past few decades, the perception of dietary fat as unhealthy has resulted in decreased fat consumption in the US population, but the epidemics of obesity and diabetes have continued to grow. 10 Higherfat diets can be beneficial for cardiovascular health if salutary vegetable fats are consumed. 11 However, even when lowfat diets are not explicitly recommended, specific guidance on highfat foods, including nuts and vegetable oils, remains highly focused on concerns about weight gain. 12 In this context, a radical reassessment of the lowfat approach applied for the past 40 years in nutrition policy is needed. 12 Ample epidemiological evidence shows that the Mediterranean diet-a dietary pattern that includes high consumption of vegetable fats-is associated with reduced allcause mortality and reductions in cardiovascular disease and cancer. 13 The PREvención con DIeta MEDiterránea (PREDIMED) trial 14 has also provided firstlevel evidence of cardiovascular protection by the Mediterranean diet. Additionally, despite its high fat content, there is evidence from prospective cohort studies 15 and clinical trials 16 that adherence to the Mediterranean diet might also reduce bodyweight. However, results from a metaanalysis 17 of shortterm randomised controlled trials of the Mediterranean diet for weight loss suggested that there was no effect on bodyweight when the diet was not calorie restricted. No previous randomised trial has analysed the longterm effects of an unrestrictedcalorie Mediterranean diet on adiposity measures. Here we assess longterm changes in bodyweight and waist circumference in the PREDIMED trial. 14 
Methods

Study design and participants
The study design of the PREDIMED trial has been reported elsewhere. 14 Briefly, PREDIMED was a 5year, parallelgroup, multicentre, randomised clinical trial done in participants at high cardiovascular risk, comparing the effects of two unrestrictedcalorie Mediterranean diets, enriched with extravirgin olive oil or mixed nuts, with a control diet (advice to avoid all dietary fat) for the primary prevention of cardiovascular disease. 14 The trial was done in primary care centres affiliated to 11 hospitals in Spain during 2003-10 and included 7447 participants who were assigned to one of the three nutritional interventions. PREDIMED was approved by the institutional review boards of the 11 participating centres. 14 In this prespecified secondary outcomes analysis of PREDIMED, we assessed the longterm effects of the Mediterranean diet interventions compared with the control diet on bodyweight and waist circumference over 5 years during which the assigned interventions were given. Eligible participants for PREDIMED were communitydwelling men (aged 55-80 years) and women (aged 60-80 years) who had either type 2 diabetes or at least three of the following cardiovascular risk factors: current smoking, hyper tension (blood pressure >140/90 mmHg or treatment with antihypertensive
Research in context
Evidence before this study We searched MEDLINE (via PubMed) for articles published in any language between Jan 1, 1950, and March 1, 2016, using the search terms ("bodyweight"[MeSH Terms] OR "overweight"[MeSH Terms] OR "obesity"[MeSH Terms] OR "waist-hip ratio"[MeSH Terms] OR "waist circumference"[MeSH Terms] OR "body mass index"[MeSH Terms]) AND ("mediterranean diet"[All Fields]). All articles were screened and only systematic reviews, meta-analyses, clinical trials, and cohort studies were reviewed. Although evidence from prospective cohort studies and clinical trials shows that adherence to the high-fat Mediterranean diet might be associated with reduced rather than increased bodyweight, intake of all types of fat is still widely believed to promote weight gain. Systematic reviews and meta-analyses of randomised controlled trials that have assessed the effects of the Mediterranean diet on adiposity are limited by a follow-up timeframe of 2 years or less. No previous randomised trial has analysed the long-term effects of an unrestricted-calorie Mediterranean diet on bodyweight and waist circumference.
Added value of this study
This study provides first-level evidence that plant-based, unrestricted-calorie, high-fat diets, such as the traditional Mediterranean diet, do not promote weight gain. After analysis of the nearly 5 years of follow-up of a large cohort of older individuals (n=7447), of whom more than 90% were overweight or obese, our results show that intervention with an ad libitum Mediterranean diet enriched with healthy fatty foods has little effect on bodyweight or waist circumference. In fact, compared with participants following the control diet, based on advice to reduce all dietary fat, those in the Mediterranean diet plus olive oil group significantly reduced bodyweight while experiencing a minor and lesser increase of waist circumference, whereas those allocated to the Mediterranean diet with nuts showed no weight changes and stable waist circumference, compared with a mean 1·2 cm increase in the control group.
Implications of all the available evidence
There is accruing scientific evidence of the beneficial role of high-vegetable-fat dietary patterns such as the Mediterranean diet on cardiovascular disease, diabetes, and obesity. Our results have practical implications because the fear of weight gain often associated with a high-fat diet such as the Mediterranean diet need no longer be an obstacle to adherence to a dietary pattern known to provide much clinical and metabolic benefit, Our results are also relevant for public health guidance, in so much as they support unrestricted fat intake as appropriate for bodyweight maintenance and overall cardiometabolic health, as acknowledged by the Dietary Guidelines for Americans 2015 Advisory Committee.
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drugs), high plasma LDL cholesterol concentration (≥4·14 mmol/L), low plasma HDL cholesterol concen tration (<1·04 mmol/L for men and <1·30 mmol/L for women), overweight or obesity (BMI ≥25 kg/m²), or family history of premature coronary heart disease. More detailed criteria for enrolment have been reported elsewhere. 14 Of 8420 eligible candidates identified, 7447 (88%) agreed to participate and provided written informed consent.
Randomisation and masking
Candidates were randomly assigned (1:1:1) to one of three interventions: Mediterranean diet supplemented with extravirgin olive oil, Mediterranean diet supple mented with nuts, or a control diet (advice to reduce dietary fat). Randomisation was done centrally by means of a computergenerated randomnumber sequence. 14 The clinical investigators and laboratory technicians were masked to intervention allocations.
Procedures
Trained dietitians were responsible for all aspects of the behavioural intervention promoting the Mediterranean diet, as previously described. 14 Briefly, on the basis of the initial assessment of individual scores of adherence to the Mediterranean diet with a 14item questionnaire, 18, 19 dietitians gave personalised dietary advice to participants randomly assigned to the two Mediterranean diet interventions, with instructions directed to improve adherence by facetoface intervention every 3 months by registered dietitians. Participants assigned to the control diet received personal advice and written recommendations to reduce all types of dietary fat once a year; however, during the trial, this frequency of dietary advice in the control group was perceived as a limitation by reviewers, and the protocol was modified to increase the intensity and frequency of the intervention of the control group so that intervention in the three groups was similar. The change of the intervention was made on Oct 1, 2006, when 1626 participants were already included in the control group (appendix).
The intended goals of the interventions were to reduce fat intake to less than 30% of energy in the control diet group and to increase it to more than 40% of energy in the two Mediterranean diet groups. Participants in the two Mediterranean diet groups received at no cost either extravirgin olive oil (1 L per week for the participants' family needs as each participant should consume 50 mL a day) or 30 g of nuts per day (15 g of walnuts, 7·5 g of almonds, and 7·5 g of hazelnuts, with additional 1 kg sachets of mixed nuts every 3 months to account for family needs), whereas those in the control group were given small nonfood gifts every 3 months (such as, books, kitchen clocks, spoons, etc). Neither energy restriction nor increased physical activity was advised for any of the study groups. The duration of the trial was prespecified as 6 years; however, the Data and Safety Monitoring Board decided to stop the trial after analysing the results during the meeting done at year 5, according to prespecified rules to stop (appendix).
Participants completed a general medical questionnaire, a 137item validated food frequency questionnaire, 20 and the validated Spanish version of the Minnesota Leisure Time Physical Activity Questionnaire 21 at baseline and at 1 year, 3 years, and 5 years. Information from the 137item validated food frequency questionnaire was used to calculate energy and nutrient intake. Total physical activity was expressed as metabolic equivalent tasks.
Blood and urine samples were obtained after an overnight fast on the same day that the questionnaires were collected. To assess compliance to supple mental foods, we measured urinary hydroxytyrosol (a biomarker of extravirgin olive oil consumption) and plasma αlinolenic acid (a fatty acid characteristic of walnuts) in random subsamples of participants at 1 year, 3 years, and 5 years and compared this with baseline levels.
Outcomes
The main outcomes of interest in this prespecified secondary outcomes analysis were bodyweight and waist circumference at a mean of 5 years of followup. Trained personnel measured weight and height to the nearest 0·5 kg and 0·5 cm with calibrated scales and a wallmounted stadiometer, respectively; waist circum ference was measured to the nearest 0·5 cm midway between the lowest rib and the iliac crest with an anthropometric tape at baseline, 1 year, 2 years, 3 years, 4 years, and 5 years of followup. Changes in bodyweight and waist circumference at the end of intervention were prespecified secondary outcomes in the PREDIMED study.
Statistical analysis
The sample size was calculated to detect significant differences in the primary outcome (cardiovascular disease), as detailed in the appendix. A sample size of 6999 with randomisation to three equally sized groups (two intervention groups and one control group with 2333 patients each) was estimated to provide sufficient statistical power to assess the effects of the Mediterranean diets on the primary outcome assuming 80% power and a twosided p value of 0·05. For the secondary outcomes analysed here (weight and waist circumference), the study was powered to detect clinically relevant mean differences. The final sample size of 7447 participants included at baseline and 3985 participants with followup data at 5 years (n=1501 in the extravirgin olive oil group, n=1241 in the nuts group, and n=1243 in the control group) allowed detection of statistically significant differences at a twosided α of 0·05 and 20% β for betweengroup mean differences in 5 year changes from baseline in the intervention groups compared with the control group of 0·6 kg in weight and 0·7 cm in waist circumference. At 1 year and 3 years as well as for yearly changes, the study had more than 80% power to detect these differences.
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We used descriptive statistics with means and SDs or percentages for the participants' baseline characteristics. Withingroup and betweengroup differences are expressed as means and 95% CIs. Missing data for outcome variables were handled in accordance with the method described by Groenwold and colleagues 22 by doing multiple imputations (20 sets) for missing values in participants who dropped out out or had missing measurements in each year, provided that they had entered the trial sufficiently early as to be assessable on that year. Thus, 20 datasets with computed outcomes were created and each was analysed by standard statistical methods (including the multiple imputations procedure) to fit the model of interest. Estimated associations in each of the imputed datasets were averaged together to give the overall associations. First, ordinary leastsquares linear regression models for multiple imputed data were used to compare mean betweengroup changes (at 1, 3, or 5 years, minus baseline) in bodyweight and waist circumference and run separately at the 1, 3, and 5 year assessments. Two dummy variables (one for each of the two Mediterranean diet groups with the control group as reference category) were used in this model. We adjusted these linear models for sex, age, centre, smoking status (never, former, or current smoker), diabetes, dyslipidaemia, and hyper tension. In a subsequent model, we additionally adjusted for baseline BMI and baseline waisttoheight ratio, total energy intake (kcal per day; both at baseline and at 1 year followup), leisuretime physical activity (metabolic equivalent tasks per h per week), educational level, and alcohol consumption.
In addition to the ordinary leastsquares models for one timepoint changes, we also considered all timepoints (ie, each of the 5 years of followup and at baseline) to compare changes in bodyweight and waist circumference during followup by intervention group. As the ordinary least squares models do not take into account the correlation of withinparticipant data (longitudinal measure ments), we used generalised estimating equations, which allow specification of the correlation structure. We assumed an exchangeable or an auto regressive correlation matrix, as suggested by the actually observed correlations between
Figure 1: Trial profile for the PREDIMED study
The median follow-up was 4·8 years. Numbers of patients in each group at the close of the trial were 2452 in the extra-virgin olive oil group, 2299 in the nuts group, and 2173 in the control group. The long recruitment period in the trial (the last participant was recruited approximately 2 years before the trial was stopped) meant that participants recruited later were not evaluated at 3 or 5 years, hence the lower numbers at these timepoints. 
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repeated measurements of bodyweight or waist circumference. These models were first computed for the observed data and then repeated with multiple imputation methods for missing data. The dependent variable was bodyweight or waist circumference (at years 1, 2, 3, 4, 5, and at baseline) and the predictors were time (as continuous from baseline to 5 years) and intervention (including two dummy variables, as described). We also introduced an interaction term between intervention and time. Analyses were adjusted for age, sex, educational level, leisuretime physical activity, cigarette smoking, diabetes, dys lipidaemia, hypertension, total energy intake, alcohol consumption, and baseline bodyweight or waist circumference. Additional adjustments including baseline waisttoheight ratio, 1 year followup leisuretime physical activity, and 1 year followup energy intake were done when appropriate. Rules for stopping the trial are included in the appendix. When we repeated the generalised estimating equation analyses with multiple imputation, we treated bodyweight or waist changes as the dependent variable, with models adjusted for age, sex, educational level, leisuretime physical activity, cigarette smoking, diabetes, dyslipidaemia, hypertension, total energy intake, alcohol consumption, and baseline bodyweight or waist circumference. Additional adjustments including baseline waisttoheight ratio, 1 year followup leisuretime physical activity, and 1 year followup energy intake were done when appropriate. All statistical analyses were done with Stata version 12.0. The PREDIMED trial is registered with ISRCTN.com, number ISRCTN35739639.
Role of the funding source
The funders of the study had no role in study design, data collection, data analysis, data interpretation, or writing the report. The corresponding author had full access to all the data in the study and had final responsibility to submit for publication.
Results
Between Oct 1, 2003, and June 30, 2009, we assessed 8713 candidates for eligibility. Of these, 973 refused to participate and 293 did not meet inclusion criteria. Thus, 7447 participants were included in the trial (4282 women and 3165 men) and were randomly allocated to the three intervention groups: 2543 to the Mediterranean diet plus extravirgin olive oil group, 2454 in the Mediterranean diet plus nuts groups, and 2450 in the control group (figure 1). Baseline characteristics are detailed in table 1. The mean age of participants was 67 years (SD 6), 97% were of white European ethnic origin, and all were at high cardiovascular risk. More than 90% of the participants were overweight or obese. No betweengroup clinically relevant differences in age, sex, cardiovascular risk factors, or drug treatment regimens were noted. Participants in the three groups reported similar baseline adherence to the Mediterranean diet, as assessed with the 14point screener.
Participants were followed up for a median of 4·8 years (IQR 2·8-5·8). At the end of the trial, 523 participants (7%) had been lost to followup for 2 or more years. 277 (11%) participants withdrew from the control group, compared with 91 (4%) in the extravirgin olive oil group and 155 (6%) in the nut groups. Mean followup times were 4·66 (SD 1·69) years in the control group, 4·22 (1·84) years in the extravirgin olive oil group, and 3·98 (1·95) years in the nut group.
In the control group, 1605 (66% of the total group) participants recruited in the first 3 years were receiving a low intensity intervention and were in the trial for a mean of 1·6 years (40% of the total followup time).
Participants in the extravirgin olive oil group largely increased consumption of polyphenolrich extravirgin olive oil, while reciprocally decreasing consumption of common olive oil (p<0·0001 for both). Nut intake significantly increased in both Mediterranean diet groups (p<0·0001 for both), especially in the group assigned the Mediterranean diet plus nuts. Additionally, participants in both Mediterranean diet groups increased con sumption of vegetables, legumes, fruits, and fish and decreased Data are n (%) or mean (SD). *Waist-to-height ratio (an index of central obesity) is the waist circumference divided by height in cm. †The score for adherence to the Mediterranean diet is based on the 14-item dietary screener (a score of zero indicates minimum adherence, a score of 14 indicates maximum adherence). consumption of meat, sweets, and dairy products (appendix). However, only differences in legumes and fish or seafood were significant between the Mediterranean diet groups and the control group (p<0·0001 for all). Although estimated energy intake significantly decreased in all groups, selfreported reduction was more pronounced in the control group than in the two Mediterranean diet groups (p<0·0001 for both; appendix). Median total fat intake as a percentage of energy decreased after 5 years from 40·0% to 37·4% in the control group, even though the goal was to reduce fat intake to less than 30% of energy; in the extravirgin olive oil and nut groups it increased from 40·0% to 41·8% and from 40·4% to 42·2%, respectively (p<0·0001 for all). Compared with the control group, monounsaturated and polyunsaturated fatty acid intake increased in both Mediterranean diet groups (p<0·0001 for all). Accordingly, the percentage of energy intake from protein and carbohydrate decreased in both Mediterranean diet groups (p<0·0001 for all).
During followup, scores of adherence to the Mediterranean diet increased in the two Mediterranean diet groups (both p<0·0001), but did not change in the control group. Changes in objective biomarkers of consumption of supplemental foods (extravirgin olive oil and walnuts) measured in random samples of participants (750 [10%] in the extravirgin olive oil group and 375 [5%] in the nut group) indicated good compliance in the corresponding Mediterranean diet groups at 1, 3, and 5 years (p<0·0001 for comparison between means of biomarkers of compliance between the corresponding Mediterranean diet intervention group and control group each year). No betweengroup differences in estimated energy expenditure from leisuretime physical activity were recorded.
Bodyweight changes from baseline to 1, 3, and 5 years with multiple imputation of missing values (13%) are shown in table 2. Participants in the extravirgin olive oil group had a significant decrease in bodyweight during the trial, but average betweengroup changes were only significant at 3 years (p=0·026) and 5 years (p=0·044). Participants in the nut group showed a nonsignificant decrease in bodyweight at 3 years (-0·155 kg [95% CI -0·433 (-0·855 to -0·011)
0·044
-0·075 (-0·500 to 0·350) 0·730 Data were analysed by linear regression (two dummy variables for the two Mediterranean diet intervention groups, whereas the control group was the reference category). The intervention effect (95% CI) in all cases was assessed after multiple imputation (20 sets) for missing values in participants who dropped out dropped out or had missing weight measurements in each year. Each dataset was analysed by standard statistical methods (including the multiple imputations procedure) to fit the model of interest to each of the imputed datasets. Estimated associations in each of the imputed datasets were averaged together to give the overall associations. *Adjusted for sex, age, centre, smoking status, diabetes, dyslipidaemia, and hypertension. †Additionally adjusted for educational level, leisure-time physical activity, baseline BMI, total energy intake (both at baseline and at 1 year follow-up), and alcohol consumption. 
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-0·371 to 0·061]) and a significant decrease at 5 years (-0·402 kg [-0·696 to -0·108]) compared with baseline, but did not differ from the control group (p=0·712 at 3 years and p=0·730 at 5 years). Changes in waist circumference (table 3) initially paralleled those of bodyweight. However, after 3 years and 5 years, absolute, albeit small, increases in waist circumference were noted. The multivariable adjusted differences with respect to the control group showed significantly lower waist circumference increases at 3 years and 5 years for the extravirgin olive oil group and at 5 years for the nut group (table 3) .
When we considered all yearly weight measurements with observed data (no imputations for missing values) using multivariable generalised estimating equations (figure 2), we identified no significant interactions between time and intervention (p=0·70 for the extravirgin olive oil group and p=0·40 for the nut group). We then removed the interaction term from the model and estimated the global time effect (-0·13 kg per year [95% CI -0·16 to -0·10]), which indicated significant reductions in bodyweight in the three groups, without betweengroup differences in the intervention effect being identified in stratified analyses: -0·17 kg per year (-0·23 to -0·13) for the extravirgin olive oil group, -0·09 kg per year (0·13 to -0·04) for the nut group, and -0·12 kg per year (-0·18 to -0·07) for the control group. When we considered all yearly waist circumference measurements with no imputations using multivariable generalised estimating equations (figure 3), we noted no significant time interaction effects by group (p=0·90 for the extravirgin olive oil group and p=0·43 for the nut group). The time effect for the three groups was (0·16 cm per year [95% CI 0·12-0·21]), showing an increase in all the groups. The time effect in the stratified analysis by intervention was 0·16 cm per year (0·10 to 0·23) for the extravirgin olive oil group, 0·13 cm per year (0·06 to 0·20) for the nut group, and -0·18 cm per year (0·10 to 0·26) for the control group, with no significant differences between groups.
Likewise, when we applied multiple imputations for missing values in generalised estimating equations 
0·188
-0·802 (-1·490 to -0·115)
0·022
Difference versus control (multivariable-adjusted, cm) †
1
-0·549 (-1·162 to -0·063)
0·048
-0·936 (-1·600 to -0·271) 0·006 Data was analysed by linear regression (two dummy variables for the two Mediterranean diet intervention groups, whereas the control group was the reference category). The treatment effect (95% CI) in all cases was assessed after multiple imputation (20 sets) for missing values in participants who dropped dropped out or had missing waist measurements in each year. Each dataset was analysed by standard statistical methods (including the multiple imputations procedure) to fit the model of interest to each of the imputed datasets. Estimated associations in each of the imputed datasets were averaged together to give the overall associations. *Adjusted for sex, age, centre, smoking status, diabetes, dyslipidaemia, and hypertension. †Additionally adjusted for educational level, leisure-time physical activity, baseline BMI, total energy intake (both at baseline and at 1 year follow-up), and alcohol consumption.
Table 3: Waist circumference changes from baseline to 1-year, 3-year, and 5-year follow-up visits
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(not for distribution) (table 4 ) and adjusted the models for sex, age, centre, baseline weight, smoking status, education, diabetes, dyslipidaemia, and hypertension, we found similar results to those for nonimputed generalised estimating equation models, with no significant timebyintervention group interaction for weight or waist circumference. Bodyweight and waist circumference changes during 5year followup (averaged for the whole period) for the intervention groups in comparison with the control group are shown in table 4. For weight, interaction terms (time by intervention) for the whole period did not differ (p=0·45 for the extravirgin olive oil group and p=0·90 for the nut group). The effects, expressed as changes in kg per year in comparison with the control group were essentially null for both intervention groups: -0·03 kg per year (95% CI -0·12 to 0·05) for the extravirgin olive oil group and 0·01 kg per year (-0·08 to 0·09) for the nut group. Yearly changes in weight are reported in the appendix. Likewise, for waist circumference, interaction terms for the whole period did not differ (p=0·80 for the extravirgin olive oil group and p=0·30 for the nut group). The effects, expressed as changes in cm per year in comparison with the control group, were essentially null for both intervention groups: 0·02 (-0·14 to 0·18) for the extravirgin olive oil group and -0·09 (-0·26 to 0·08) for the nut group. No substantial differences in results were seen when we additionally adjusted for total energy intake, physical activity, and alcohol consumption, or when we repeated the analyses assuming an autoregressive correlation matrix instead of an exchangeable matrix (data not shown). Finally, we did a stratified analysis to explore the associations in predefined strata and identified no betweengroup differences in bodyweight or waist circumference changes in subgroups of age, sex, or diabetes status (table 4 ).
Discussion
Despite accruing scientific evidence on the beneficial role of a highfat, highvegetable fat dietary pattern such as the Mediterranean diet on cardiovascular disease, diabetes and obesity, [15] [16] [17] it is still widely feared that intake of all types of fat may promote weight gain and adiposity. In the PREDIMED trial, we followed up a large cohort of older individuals, of whom more than 90% were overweight or obese, for nearly 5 years and showed that a highvegetablefat, unrestrictedcalorie Mediterranean diet enriched with healthy fatty foods does not increase bodyweight. Waist circumference increased slightly with ageing in all three groups, as seen in any general population. Compared with participants following the control diet (based on advice to reduce all dietary fat), those in the Mediterranean diet plus extravirgin olive oil group significantly reduced bodyweight, those in the Mediterranean diet plus nuts group maintained stable bodyweight, and both Mediterranean diet groups showed lower waist circumference increases, particularly the nut group. These results provide firstlevel evidence that ad libitum plantbased, highfat diets do not promote weight gain or visceral adiposity.
Adults in developed countries tend to gain weight gradually over decades, 23 although older people usually figure) and intervention group, adjusted for age, sex, centre, educational level, leisure-time physical activity, smoking, diabetes, hypertension, dyslipidaemia, total energy intake, alcohol consumption, and baseline bodyweight, were used to estimate the intervention effect on yearly bodyweight. Estimates were unchanged after additional adjustment for waist-to-height ratio, total energy intake after 1 year, and leisure-time physical activity after 1 year. The horizontal black line represents the mean weight of all participants at baseline. figure) and intervention group, adjusted for age, sex, centre, educational level, leisure-time physical activity, smoking, diabetes, hypertension, dyslipidaemia, total energy intake, alcohol consumption, and baseline waist circumference were used to estimate the intervention effect on yearly waist circumference. Estimates were unchanged after additional adjustment for waist-to-height ratio, total energy intake after 1 year, and leisure-time physical activity after 1 year. The horizontal black line represents the mean waist circumference of all participants at baseline. 
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lose weight because of an agerelated decline in lean body mass. 24 Indeed, waist circumference is better than bodyweight as a measure of adiposity in older populations. In this 5year trial, we report average losses of 0·88 kg, 0·40 kg, and 0·60 kg in bodyweight and increases of 0·85 cm, 0·37 cm, and 1·2 cm in waist circumference in the Mediterranean diet with extravirgin olive oil group, Mediterranean diet with nuts group, and control group, respectively. Notably, responses were similar by sex, age, and diabetes status. Consistent with our findings, most prospective studies assessing weight gain over time or the risk of developing overweight or obesity in relation to Mediterranean diet adherence have reported a beneficial effect on adiposity measures. [15] [16] [17] The absence of weight gain with the Mediterranean diet might be expected, since this diet is enriched in foods that have not been associated with longterm deleterious effects on adiposity, such as nuts, vegetables, fruits, and whole grains, and it does not include many foods and beverages that have been associated with longterm weight gain, such as fastfoods, sweets and desserts, butter, red meat and processed meat, and sugarsweetened beverages. 25 In the PREDIMED trial, slight weight loss was similar in the three study groups ( figure 2) , which supports the idea that the highfat Mediterranean diet is at least equally beneficial for weight control as a diet with a lower fat content. The slight weight loss and increased waist circumference after 5year Mediterranean diet inter vention in our ageing population might be explained in part by regular visits with dietitians for dietary counsel and anthropometric measures, leading to enhanced eating competence and control of energy balance, as attested by reduced overall energy intake despite the increased fat load. The satiating effects of fatrich foods, with ensuing displacement of other foods and beverages, might have played a part. Dietinduced changes in the microbiota might also affect adiposity. 26 Increases in diet quality have also been associated with less weight gain over time in large observational cohorts such as the Nurses' Health Study and the Health Professionals Followup Study. 27 Our results confirm that the Mediterranean diet is a highquality dietary pattern useful to limit future adiposity gains.
Our study has several limitations. First, total energy intake was included as a covariate in the model to achieve the equivalent of an isocaloric diet and reduce measurement error in the final score. However, total energy is not well estimated from foodfrequency questionnaires, nor does it reflect energy balance because of measurement error and withinindividual differences in body size, physical activity, and lean muscle mass. 28 In any case, measurement error should be similar in the three study groups. Second, in any feeding trial in freeliving people, there can be difficulties in ensuring compliance with dietary instructions. We acknowledge that the size of the reported changes in fat intake as percentage of total energy intake was quite small. However, these changes 
were statistically significant in the expected direction and adherence to the recommended diets was good, as judged by selfreport and changes in objective biomarkers of consumption of supplemental foods. 14 Third, there was unequal loss to followup, which could have biased results toward less weight gain in the control group, given the more likely loss of less healthy and less compliant participants. This limitation could have caused an underestimation of the benefits of the Mediterranean diet on bodyweight and waist circumference. Finally, the initial study design called for a minimum intervention in the control group (yearly delivery of instructions to follow a lowfat diet), but after 3 years the protocol was modified and control participants received dietary intervention with the same frequency and intensity as those in the Mediterranean diet groups, which accounted for 60% of the time they were in the trial. Besides the randomised design, strengths of our study are its setting, which reproduces reallife conditions, and the long duration of followup, allowing the examination of longterm adiposity changes. The use of multiple imputation procedures is an additional strength, since this statistical method increases the validity of the results of clinical trials. 29 Overall, our results show that an increase in vegetable fat intake from natural sources in the setting of a Mediterranean diet had little effect on bodyweight or central adiposity in older individuals who were mostly overweight or obese at baseline. Instead, small but significant reductions in weight and lesser increases in waist circumference were seen in patients given the Mediterranean diet interventions compared with the control group. Even small changes in bodyweight have implications for longterm adiposityrelated conditions, including diabetes and cardiovascular disease. 30 These results have practical implications, because the fear of weight gain from highfat foods need no longer be an obstacle to adherence to a dietary pattern such as the Mediterranean diet, which is known to provide much clinical and metabolic benefit. 14, 18 They are also relevant for public health, because they lend support to not restricting intake of healthy fats in advice for bodyweight maintenance and overall cardiometabolic health, as acknowledged by the Dietary Guidelines for Americans 2015 Advisory Committee. 12 Contributors RE, MAMG, DC, and ER had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data and the accuracy of the analysis. RE, MAMG, DC, JSS, MFit, MFio, EGG, FA, JL, LSM, XP, and ER designed and conducted the study. RE, MAMG, DC, JSS, MFit, MFio, EGG, FA, JL, JVS, LSM, XP, MAM, JBG, PBC, RMLR, MSM, and ER collected, managed, and interpreted the data. MAMG, DC, and GCB did the statistical analysis. RE, MAMG, and ER prepared the report. RE, MAMG, DC, JSS, MFit, and ER reviewed the report. All authors approved the final submitted version of the report. Interaction term time by nuts -0·01 (-0·13 to 0·12) 0·96 -0·01 (-0·27 to 0·24) 0·91
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Time was treated as a continuous variable for the estimations, and the regression coefficient for time indicates the averaged changes in bodyweight or waist circumference (depending on the model) and the analysed strata per year. The control group was considered as the reference category for dummy variables for intervention and interaction terms. Models were adjusted for baseline values (of bodyweight and waist circumference, respectively), age, sex, centre, educational levels, smoking, diabetes, hypertension, and dyslipidaemia. Main terms for time (as continuous from 0 years to 5 years) and intervention (two dummy variables for extra-virgin olive oil and nuts groups) were considered as well as for their interaction terms (interaction between each dietary intervention and time). An exchangeable correlation matrix was assumed for bodyweight changes, whereas an autoregressive correlation matrix was assumed for waist circumference changes. Multiple imputation procedures based on multivariable normal distributions were used to build 20 datasets with the imputed values for participants with missing data for bodyweight or waist circumference in any of the visits. Each dataset was analysed by standard statistical methods (including the multiple imputations procedure) to fit the model of interest to each of the imputed datasets. Estimated associations in each of the imputed datasets were averaged together to give the overall associations. 
